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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



hi accordance with the rules, the words "public limited company" may be replaced by p.l.c., 
pic, P.L.C. or PLC. 

Re-registration under the Conq)anies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 
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IMPROVED IMMUNOTHERAPY 



FIELD OF THE INVENTION 

5 This InvenfitMi relates to the field of immunottieiBpy, in particular b> the 
enhancement of anfi>4umour frrnnune responses. 

BACKGROUND TO THE INVENTION 

One approach to treating cancer is to Introduce a gene into the tumour cells 
1 0 that encodes an enzyme capable of converbng a prodrug of relatively lowf 
toxicity into a potent cytotoxic dmg. Systemic administration of the prodrug is 
then tolerated since it Is only converted into the toxic dernrative locally, In the 
tumour, by cells expressing the prDdrug-convsrting enzyme. This approach (s 
icnown as gene-directed enzyme prodrug therapy <GDEPD. or when the gene 
15 is defivered by means of a recombinant viral vector. virus-diredBd proditig 
therapy (VDEPT) (McNeish ef at. 1 087), 

Examples of prodrugs and (irodrug-convertlng enzymes used in this way 
Include ganciclovir and HSV thymidine Idnase [KEF], 5-fluon>cyfosinB and 

2Q cytoaine deaminase [REF], oyoiophosphamlde or paracetamol and 

oylochnwne P460 IREFJ. and. of particular rslevance to this ihventlon. the 
aziridinyl prodrug CB1954 (6-(aziridin-1>yl}-2.4-dinrtiobenzamide> and 
nrtroreductase (Knox 1888). Following the observation that the Walker 
rat carcinoma cell line was particularly sensitive to CB1d54, it was shown that 

25 this was due to the expression of the rat nitroreductase DT diaphorass. 
However, since CB 1954 is a poor substrate for the human form of this 
anzyme, human tumour cells are lar less sensitive to 061854. GDEPT was 
conceived as a way of introducing a suitable nitroreductase, preferebly with 
greater activity against CB1954, in order to sensitise tai^eted cells. The 

30 EschBiichia ooU nttroreductase (ECl .6.99.7. alternatively known as the 
oxygen-insenaltlve NAD(P)H nitroreductase or dihydropteridine reductase. 
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and often abbreviated to NTR) encoded by the NFSB gen© (alternatively 
known as NFNB. NFSI, or DPRA) has been widely used for tt^is purpose 
(Revlefwed in Grove et al, 1989). The A/FSB-encoded nitroreductase (NTR) is 
a tiomod^er that binds tm flavin mononucleotide (FMN) cofector molecules. 

6 Using WiDH or NADPH as an electron donor, and Iwund FMN as a reduced 
intermedlala. NTR reduces one or other of the two nttio-groups of CB 1954 to 
give eiUwthe highly toxic 4-hydro}viamlne derivative or the relatively non- 
toxic 2-hydroxylamlne. Within cells. 5-<azii1dln-l-yl)-4-hydroxylamino-2- 
nitrobenzamlde, protebly via a lUither toxic metabolite, brumes very 

10 genotoxic (Knox ef a/. 1 9i1 ). The exact nature of the lesion caused is 

unclear, but is unlike that caused by oHier agents. A parttoulariy high rate of 
inter-strand crosa-linidrig occurs and the le»*ons seern to be pooily repaired, 
wrtth the result that CB 1954 Is an exceptionally affective antF4umour agent 
(Friedlos ei ai, 1992). This system has been show Id be effoctive in producing 

19 useful anti-tumoral responses bi a numlier of model systems, including human 
xenografted tumours in nude mice (Djeha ef at, 2000) 



That said, attempts have been made to enhance the tumoricidal eff^s of 
such ercqfme-prodrug strategies by combining them with immunolherapeutic 
20 approaches. The underlying rationale is to try to generate an anti-tumour 
immune response to tumour-specific antigens in the cells iciiled by the 
cytotoxic agent, in ttie hope that n^siduai cells at the tumour site, and at 
metastases, wiil be lulled by (predominantly) a cytotoxic T cell response/ (n 
order to help stimulate such a response, gene therapy using a number of 
26 immunostimulatory molecules has been attempted in combination witii 

GDEPT/N/DEPT. One of the better candidates appears to be GIVI-CSF, which 
has been used in combination with thymidine kinase (Jones etaf) and with 
cytosine deaminase (Cao af). Other candidates tried in combination with 
one or both include IL-2, 11-6, B7-1 (Fel«:man etali, IFN-y (Santodonalo etal) 
30 and MCP-1 (Sakai et ai ). 
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Hovtfever, in general, the results have been variable and have not led to 
reliable improvements in th^py. There remains a clear need for 
improvements in tlie Immunotherapy of cancer. 



5 I n response to cellular stress, a subset of genes are indued resulting In the 
expression of stress response proteins. These pnsteins have diverse . 
functions and include intracellular messengers and transcription factors, such 
as NFkB and high mobility group B1 (HMGB1, Bustin, 2002), and cytokines 
such as IL-lp, IL-1a, iL-6, IL-8. TNF-a. GM-CSF. IL-12 and iL-15. Amongst 

10 the most important, however are the group of proteins known as heat shock 
proteins. 

Heat shodc proteins are ubiquitous intracellular proteins, highly conserved 
-through evolution and known to be involved in basic cellular processes such 

19 as fokllng. unfbidbig and degradatlOT of pratelns. and assembly of multi- 
subunit protein complexes. Their expression is sharply upi^ulaied by 
cellular stress (heat, toxins, starvation, hypoxia) and they have a role In 
repairing and ameiloiating protein damage caused during periods of cellular 
stress (reviewed in Parsell and Lindquist, 1093). Expression of heat shock 

20 proteins Is controlled by a number of upstream factors that bind to elements in 
heat shock protein promoters. These include HSF-1 (heat shock 1iactor-1, 
Baler et a/, 1993), HSF-2 (Mathew ee at, 2001). and HSF-3 (Nakai and 
Morlmoto. 1993). and the Interlisron response factors, including IRF-1 and 2 
(Taniguchl ef af, 2001. Mamane ef af. 1909). 

25 

More recently, it has become clear Itiat they siso play a role in the processing 
and presentatton of peptides derived from intracellular proteins, and the 
delivery of these to antigen presenting cells, in particular, the heat shock 
proteins i-lsp70. HspSO and calreticulin bind self peptides with extremely high 
30 affinity, and on being released from the cell by lysis deliver them to antigen 
presenting cells expressing the Hsp receptor CD91 (Basu etaf, 2001). The 
cellular stress before lysis increases the levels of heat shock proteins and so 
increases this efiect. It has been proposed that stimuiatkin of the immune 
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^ response a^fnst intracellular antigens Is related to necretfc, rather than 

apoptotic, or programmed, cell death and that this is. at least partly, controlied 
at the level of antigen presenting cells (Matzinger, 1994). As applied 
specifically to anti-tumour responses, it has been shoMH that non-^optoHc (ie 
$ necrotic) cell death of tumour cells Induces higher levels of HspTO and Is 
associated with increased immunogenlcity, release of inflammatory cell 
contents, Increased secretion of pro-inflammatory Thl -type cytokines and 
macrophage activation (Gough etal, 2001). Apoptotic cell death, on the other 
hand. In which intracellular macromoleoules are degraded before being 

10 exposed to the extracellular environment, and HspTO, HspSO and oalreticulin 
are not released In significant amounts (Basu etal. 2000) In general fails to 
Initiate InBammatory and Immune responses. Necrotic, but not apoptotic, cell 
iysates cause maturation of dendritic cells, the key antigen presenting cells for 
activating naTwe T calls In the initiation of an immune response (Galucd et a/, 

15 1S99; Sauter et a/. 2000. HspTO itself has been shovwi to be a maturation 

factor for dendritte cells (Kuppner, etat, 2001; Qaslparefa/, European Patent 
Appflcation eP120922e). In addition, apoptotic cells may deliver specific anti- 
inflammatory and Immunosuppressive signals directiy to antigen presenting 
cells, for example through the phosphafldyteerlne receptor (Fadok et af, 2000) 

20 

SUMMARY OF THE INVENTION 

The Inventors found that the use of a nitroreductase / CB19S4 enzyme / 
prodrug system, in addition to the killing of targeted tumour cells, and of 
bystander cells exposed to the towc products of activated CB1954 released 

26 ftom lysed ceils, also produced a signifkant pratecfive effsct against later 
challenge with tumour cells of flie same type. Since earlier woik suggested 
that such killing was through apoptotfc mechanisms (DJeha et al. 2000) and 
apoptotic cell death was thought fo produce a relatively poor immune 
response, this was unexpected. In an effort to further enhance the anii- 

30 tumour effect they constructed adenoviral gene therapy vectors comprising 
coding polynucleotides capable of expressing both a nitroreductase and 
Hsp70. The rationale is that tumour cells targeted and Infected by the vector 
and killed by administration of CB1954. then act to prime an anti-tumour 
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immune response triggered by the death of the tumour oelFs and enhanced by 
ovemxpression of Hsp70. Thfs, in turn, leads to more efficient deBveiy of 
intracellular peptides bound by Hsp70 to CD91 -expressing antigen presenting 
cells. Some of the peptides so delivered contain tumour-^peclfic, 'non-selT 
5 epitopes resulting from somatic mutation within the tumour cells and so 
representation of these in the context of (predominantly) MHC Class t 
molecules leads to initiation of a CDS* cytotoxic T ceil antfTtumour response. 
However, a proportion of Hsp-delivered peptides enter the MHC Class II 
presentation pathway and so result In Increased CD4* helper T cell 
10 responses. Both arms of the cellular response are important In anti-tumour 
Immunity. 

Whether the success of this approach in generating anti-tumour immune 
responses is because the GDEPT-mediated idllfng Is necrotic in at least a 

16 proportion of cells, whether the primary mechanism of killing is apoptotic but a 
s^nificant level of secondary necrosis occurs, or whether the anti- 
inflammatory and non-immunc^enio nature of apoptotic cell death may be 
overcome to some edent by ovensxpresston of heat shodc fedors, is not 
dear. However, the InventorB have demonstrated that in a mouse tumour 

20 model, injection of a primary tumour with vector delivering NTR genes and 
subsequent systemic administration of CB1d54 not only kins the tumour, but 
gives a degree of protection agabist subsequent challenge wfth tumour cells 
of the same type. They have lurOier demonstiated that this protective effect is 
greatly enhanced by the oo-administralion. conveniently in the same gene 

25 therapy vector, of a gene directing exprssskin of HspTO. 

This invention is not limHsd to the use of nitroreductase as the piodnjg- 
converting enzyme, nor to methods of cell lolling rel^ng on prodrug 
conversion. In principle, any method of cell kUlfng, including polynucleotides 
30 encoding molecules cap^le of cell killing, may be used in combination with 
any molecule with e heat shock proteirHike function in acting as an 
endogenous adjuvant and boosting an anti-tumour response. Among the 
toxins that could be encoded and used In this way are rfcin, abrin, diphtheria 
toxin and botulinum toxin. Among the alternative prodiug-converting enzymes 
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^ suitable is tlie cytochrome P450 / acetaminophen enzym© /prodrug 

combination. It is icnown that such system is useful as a means of killing 
tumour cells (International Patent Application WO 0QW0272), and there is 
some evidence that the cell killing that rasuHs from the activation of 
6 acetaminophen to the toxic metabollle N-acelylbenzoquinonelmlne (NABQO fe 
apoptotic (Bae ef a/. 2001 ; Boulares et at, 2002). Nevertheless, the appBcants 
have found that ooexpresslon of cytochrome P450 and hsp70. In the 
presence of therapeutic levels of acetaminophen, give significantly Improved 
anti-tumour responses over those obtained with cytochrome P450 alone. 



10 



Indeed. It is clear that the disclosed approach of delivering vsotoia providing 
expression of heat shock proteins may be used to enhance immune 
responses against cells, such as (but not limited to) tumour cells, killed by any 
of a variety of methods. Thus DNA delivery of heat shook proteins as adjunct 
16 immunotherapy combined with chemotherapy or radiotherapy is likely to be 
beneficial. 

Among the molecules with auKable adjuvant properties that may be used are 
Hsp70. H6p90, HspHO, oalreticulin, gp96. grp170, H5p27, Hsc70. 
20 MyOobsKOBrium HspBS, Lagianona pneumophOa Hsp60. Escherichia coB 
OroEL and GioES. 

Further, it is dear from data dlsctosed here that the use of a GDEPT-based 
approach that results in necrotic ceB death (such as the NTR«;B1954 
26 combination) is significantly immunogenic even wnthoul the extra beneficial 
efiects of upregulated Hsp expreaslon provWed by the associated Hsp 
transgene. 

The vector may be any vector capable of transfianing DNA to a cell. 
30 Pretterably, the vector is an integrating vector or an episomal vector. 

Preferred integrating vectors include recombinant retroviral vectors. A 
recombinant retroviral vector will include DNA of at least a portion of a 
retroviral genome which portton is capable of infecting the target ceBs. The 
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lerm ''infaction" is used to mean the process by which a vims transfers genetic 
materiai to Hs host or target cell. Preferably, the retrovirus used in the 
construction of a vector of the invention is also rendered replication-defective 
to remove the effect of vlrai replication of the target ceils. In such cases, the 
5 replication-defecUve viral genome can be packaged by a helper virus in 
accordance with conventional techniques. Generally, any retrovirus meeting 
the above criteria of infectiousness and capability of functional gene transfer 
can be employed in the practice of the invention. 



10 Suitable retroviral vectors include but are not limited to pLJ, pZip, pWe and 
pEM, well known to those of skill in the art. Suitable padcaging virus lines for 
replication-defective retroviaises Include, for example, TCrIp, ¥Cre, "^2 and 
TAm. Particularly suitable retrovirai vectors are lentiviral vectors, especially 
HIV.SIVandFIV. 

15 

Other vectors useful in the present invention include adenovirus, adeno- 
essodated virus. SV40 virus, vaccinia virus, HSVand poxvirus vectors, A 
prelSerred vector Is the adenovirus. Adenovirus vectors are well known to 
those skilled In the art and have been used to deliver genes to numerous c^l 
20 types, including airway epithelium, skeletal muscle, liver, brain and skin (i-IItt 
etat, 19d7; Andenson, 1098) and to tumours (Mountain* 2000). 

A ftjither preferred vector Is the adeno-assodafed (AAV) veolor. AAV vectors 
are well known to those skilled in the art and have been used to stably 
25 transduce human T-lymphocytes, fibroblasts, nasal polyp, skeletal muscle, 
brain, erythroid and haematopoietic stem cells for gene therapy applications 
(Philip efaL 1994; Russell e^ ^/,1994; FlctS&etal, 1393; Walsh etal, 1994; 
IMIIier ef a/,1994; Emerson, 1996). International Patent Application WO 
91/18088 describes specific AAV based veotoi^. 

30 

Preferred episomal vectors include transient non-repltoating episomal vectors 
and Self-replicating episomal vectors with functions derived from viral origins 
of replication such a$ those from EBV, human papovavirus (BK) and BPV-1. 
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• Such integrating and episomal vectors are well known to those ekilled In the 
art and are fully described in the body of literature well known to those skilled 
in the art In particular, suitable episomal vectors are described In 
WO98/0787a. 

6 

Mammalian artificial chromosomes can also be used as vectors In the present 
invervtion. The usa of mammalian artificial chromosomes Is discussed by 
Calos (1996). 

10 In a prefenwi embodiment the vector of the present invention is a plasmid. 
The plasmid may be is a rwn-repllcating. non-lntegratlng plasmid. 

The term "plasmid" as used herein refers to any nudelc acid encoding an 
expressible gene and Includes linear or circular nucleic acids and double or 
16 single stranded nudetoackls. The nudelc add can be DMA or RNA and may 
comprise modified nucleotides or rtbonuoleolides. and may bo diemlcally 
mod ined by sudi means as melhylatlon or the Induslon of protecfing oroups or 
cap-ortaRstnjctures. 

20 A non-replicating. nonJntegratIng plasmtd is a nudelc add whteh when 
transfected into a host oeB does not repltaate and does not specifically 
integrate into the host cell's genome O-e. does not Integrate at high 
frequencies and does not Integralie St specific sites). 

25 Replicating plasmids can be Identified using standard assays including the 
standard replication assay of Ustav ef at (1991). 

The present invention also provides a host cell transftected with the vector of 
the present invention. The host cell may be any mammalian cell. Preferably 
30 the host cell is a rodent or mammalian cell. 

Numerous tediniques are known and are useful according to the inventton fbr 
delivering the vectors described herein to cells. Including the use of nucleic 
add condensing agents, elecbxiporatlon. complexing with asbestos. 
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20 



26 



polybrene. OEAE cellulose. Dextran. liposomes, catfonic Kposomes. 
Hpopolyamlnes, pofyomlthinB. partide bombardment and dii^cl microinjection 
(revTewed by Kucherlapati and Skouitchl (1984); Keown etai (1990). 

A vector of the invention may be delivered to a host cell non-specrfically or 
specifically (Le.. to a designated subset of host cells) via a viral or non-viral 
means of delivery. Preferred delivery methods of viral origin include viral 
particle-producing packaging cell lines a$ transfectlon recipients for the vector 
of the present invention into which viral packaging signals have been 
engineered, such as those of adenovirus, herpesviruses and papovavtmses. 
PrefiBred non-viral based gene deilveiy means and methods may also be 
used in the Invention and include direct naked nucleic acid injection, nucleic 
acM condensing peptides and non-peptides, cationic Hposomes and 
encapsulation in liposomes. 

The direct delivery of vector Into tissue has been described and some short- 
fenm gene expression has been achieved. Diiect deOveiy of vector into 
muscle (WoHf e/ a/.1990). thyroid (Sikes etat, 1994), melanoma (Vile etat, 
1 993), skin (Hengge et al (1995), liver (Hickman et al (1 894) and after 
exposure of alnuay epithelium (Meyer ei ai, 1 995) is dearly described in the 
prtorart 

Various peptktes derived from the amino acid sequences of viral envelope 
protelrte have been used in gene transfer when co-adminislered with 
polylysihe DNA complexes (Plank et ai, 1904; Tmbetskoy eta/. 1992; WO 
91/17773; WO 92/19287; and Mack etat, 1994) suggesting that co- 
condensation of polyfyslne conjugates with cationic lipids can lead to 
Improvement in gene transfisr efficiency. International Patent Application WO 
95/D2698 disctoses tile use of viral compor^nts to attempt to increase the 
efficl^Cy of clonic lipid gene transfer. 

Nucleic add condensing agents useful in the Invention include spemiine, 
spemilne derivatives, histones. cationic peptides, cationic non-peptides such 
as polyethyleneimlne (PEI) and polylyslne. 'Spermine derivatives' refers to 
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^ analogues and derivatives of spermine and Include compounds as set forth in 

International Patent Application WO 93/18759 (publlahed September 30, 
1993)» 

5 Disulphide bonds have been used to link the peptidfc components of a 
delivery vehicle (Gotten efa/,1082). SeealsoTrubetskoye* a/, (supra). 

Delivery vehicles for delivery of DMA conslnicts to cells are known In the art 
and include DNA/polycatlon complexes which are specific for a cell surface 
ID receptor, as described In, for example, Wu and Wu (1988), WBson ef at (1992) 
and U.S. Patent No. 5.166.320. 

Delivery of a vector according to the Invention Is contemplated using nucleic 
add condensing peptides. Nucleic acid condensing peptides, which are 
15 particularly useful for condensing the vector and delivering the vector to a cell, 
are described In International Patent AppDcatlon WO 96/41 606. Functional 
groups may be bound to peptides useful for delivery of a vector according to 
the invention, as described in WO 96/41606. These functional groups may 
Include a llgand that targets a specific cell-type such as a monoclonal 
20 antibody, insulin, transferrin. asialoglycoprotBin. or a sugar. The ligand thus 
may target calls in a non-«pecific mariner or in a specific manner that is 
restricted with respect to cell type. 

The ftinctional groups also may comprise a lipid, such as palmttoyi, oleyl. or 
26 steaioyi; a neutral hydrophilic polymer such as polyethylerte glycol (PEG), or 
polyvinylpynolidlne (PVP): a fijsogenic peptide such as the HA peptide of 
influenza vims; or a recomblnasa or an integrase. The iunctional group also 
may comprise an intracellular trafficking protein such as a nuclear locaDsatton 
sequence (NLS), an endosome escape signal such as a membrane disruptive 
30 peptide, or a signal directing a protein dlrecBy to the cytoplasm. 



Accordingly, the Invention provides: 
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A pitiduc^t coitipriaing a polynuclsob'de sequanod encoding a toxrn or prodmg- 
convarting enzyme and a polynucleotide sequence encoding a stress 
response protein or an inducer of stress response protein expression. Such 
stress response proteins Indude NFkB, high mobility group B1 protein 
HIVIGB1, cytokines such as IL-ip, IL-1a. iL-6, IL-8. TNF-a. GIW-CSF, IL-12 
and lL-15, and heatsiiodt proteins such as Hsp70, Hsp90, HspHO, 
calfetlcuiln, gp98, grp170, Hsp27, HscTO, Mycobacterium HspBS, LegfoneBa 
pnaumophUa Hsp60, Escherichia cob'GroEL and GroES. inducers of stress 
protein expression include HSF-1. HSF-2, HSF-3, iRF-1 and iRF-2. 

in one preferred embodiment, it is pneferabie that the toxin or piodnig- 
converting enzyme is capable of Idlling ceils necroticaUy. By the tenns 
'necroticaliy' or 'necrotic oeii death' are included ali fbrms of cell death that me 
not programmed, or ^aoptotic. 

In a second ppefaned embodiment, such a product Is for use In enhancing an 
immune response, more preferably an anti-tumour Immune response. 

in one aitemaflve emtxidrment. the polynucleotide sequence encoding a toxin 
or prodrug-converting enzyme and the p<dynudeotide sequence encoding a 
stress response protein or an iruluoer of stress response protein expression 
are both crMnponenfs of a single polynucleotide mdecule. In a further 
alternative, such sequences are On separate poiynucieotides fliat may be 
administered concurrently or consecutively. 

PrsterEd)]y, the toxin or prodrug-converting enzyme is a nitroreductase 
capabte of activating the prodrug CB1954. AKemab'vely. it is a cytochrome 
P450 enzyme, preferably of mammalian origin, more preferably of human 
or^ln. Most prefBrably it is human CYP1A2. Alternatively, It is human 
CYP2E1 orCYP3A4. 
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m an allematlve prefon^ embodiment. «ie encoded enzyme Is a rodent 
cytochrome P450. predterabry from mouse. Most preferably, n Is mouse 
CYP1A2. CYP2E1 or CYP3A4. 

Preferably, the stiess response protein encoded by the polynucleotide is a 
heat shock protein. More preferably, the heat shock protein is selected fiom 
the list consisting of Hsp70, HspfiO. Hsp110. calretlculln. gp98. grp170, 
Hsp27. HSC70. Mycobecterium Hsp65. Legfone//a pneumophOa HspBO. 
Escherichia coli GroEL and GroES. and most preferably H Is Hsp70. 
Altematlvely. the polynucleotide encodes an inducer of stress protein 
expression that induces expression of a heat shock protein. Preferably it is 
selected from the list comprising heat shock factor-1 (HSF-1). heat shock 
feclor-2 <HSF-2). heat shock factor-3 (HSF-3). interferon response fector-1 
(IRF-1) or IntBrferon response factor 2 (IRF-2). 

in a second aspect, the Invention provides a DMA vaccine comprising the 
above described pitKluds. By a 'DMA vaccine' is meant a product Intended to 
endt or enhance a therapeutic immune response comprising one or more 
polynucleotides encoding, and capable of expressing, proteins or peptkles 
20 With Immunogenic or adQuvant properliea. 

In a third aspect, the DNA vacdne comprises a polynucleotide encoding a 
toxin or prodrug^onverting enzyme fbr enhancing an anti-tumour immune 
lesponse. Preferably, the toxin or prodnjg-<;onverting enzyme Is a 
25 nlt«,reductasecapableofecllvatlngtheprodnigCB1954. AHematively. the 
toxin or prodmg^nverting enzyme is a cytochrome P460. Preferably, the 
cytochrome P450 is selected from the list consisting of human CYP1 A2, 
human CYP2E1, human CYP3A4. rodent CYP1A2. rodent CYP2E1 and 
rodent CYP3A4 

Preferably, the the toxin or prodrugnconverting enzyme is capable of Inducing 
necrotic cell death. 



10049675 Zr.OctrPZ ..;.06-,.^ 



TO PATENT OFFICE P.17>«1 
P100833GB Hanison Goddard Foote 

In a fourth aspect the invention provides a composition comprising a 
poiynucleotide encoding a nitroneducteise capable of activating tlie prodmg 
CB1954 and a polynudeottde encoding an Immunostimulatory molecule, for 
6 use in enhancing an anti-tumour Immune response. Included in the temn 
'Immunostimulatory' are factors (such as IL-10 and TGF-p) that appear to 
function as inhibitors of immunosuppressive lactors or effects. 



• 
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Pre^rably. the immunosiimulafory molecule Is selected firom the list consisting 
10 of GM-CSF. IL-1 . IL-2. ILA IL-S. IL-IO. IL-12. IL-18, B7-2, TNFo, 7-IFN, MCP- 
1. MIP-2. RANTES. TGF-p, CD164 (CD40 llgand), CD134 ligand (OX40L). 
MHO Class I, IMHC Class II. CD138 ligand (Flt3L}» TNF-related apoptosis 
inducing receptor (TRAIL, Apo-2 ligand). 

15 A particular embodiment of the invention is a vector encoding 

a) a toxin or prodrug-converGng enzyme and 

b) a stress response protein, 

Ibr use in entrancing an immune response. 

20 PreierBbly, the Immune response Is an anO-tumour immune response. 

It is also preferred that the stress response protein » a heat shodc protein. 
More preferably the heat shodc protein lis selected flrom the list consisting of 
HspTO, Hsp90, HspllO. calreticuiin, gp96. grp170. Hsp27. Hsc70, 
25 Mycobacterium Hsp65. Legtonella pneumophild Hsp60. Escherichia cob' 
GroELand GroES. Mostpreterabiy, itis Hsp70. 

Preferably, the toxin or prodrug-converting enzyme is a nitroreductase 
capable of activating the prodrug CBI 954. Most preferably, the vector is 
30 CTL1 02/mCMV-mHSP70, as shown in pQuie 1 . 
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Alternatively, it is a oylochromo P460 enzyme, preferably of mammaHan 
origin, mora preferably of human origin. Most preferably It Is human CYP1 A2. 
Altemartively. » is human CYP2E1 or CYP3A4. 

5 In an alternative preferred embodiment, the encoded enzyme te a rodent 
cytochrome P450, preferably from mouse. Most preferably. It Is mouse 
CYP1A2, CYP2E1 or CYP3AA. 

It is further preferred that any of the above described vectors have one or both 
10 of the polynucleotide sequences encoding of the toxin or prodrug^nvertlng 
enzyme on the one hand, and the stress response protein or inducer of stress 
protein expression on the other, operably linked to one or more premolers 
provid'Hid tumour-selective expression. 

15 Thetemi "operably linked" as used herein refere to a cte^llnkage in which the 
gene is subject to expression under control of the promoter. 

PrefenBd tumour-eelecBve promoters include TRP-1, HER2, HER3. ERBB2. 
ERBB3. CEA, MUC-1, a-fetDprflteln. prostate specific antigen (PSA), vlllln. 
20 panorefiitic amylase, tyrosinase related peptWe. tumour rejection antigen 
precursor and T-cell feolor (TCP) responsive promoters. Preferably the 
promoter comprises one or more TCF-responslve elemente. 

TCFs are a family of transcription factors wilhin the Kigh fWlobilily Group 
28 (HMG) of DMA-binding proteins (Love a/.. Nature, m 791-795. 1995). 
The family includes TCF-1 , TCF-3 and TCF-4 v^hlch are described in van der 
Wetering ef a/. (EMBO J.. 10. 123-132, 1991), EP-A4) 939 122 and Korinek ef 
at. (Sdenoe. 2Z§. 1784-1787, 1997). TCF-^ has been shown to be Involved in 
tumorigenesle related to WhiWVlngleas signaHlng. TCF and LEF-1 (lymphoid 
30 enhancer factor-1) are considered to mediate a nudear response to Wnt 
signals by Interacting p-catenin. WntslgnaOlng and other cellular ©vents 
that Increase the stability of p-catenin are oonsWered to result in 
transcriptional activation of genes by LEF-I and TCF proteins m association 



# 
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with ^<catenin. In the absence of Wrrt signalling, LEF-1/TCF proteins repness 
transcription In association with Groucho and CBP (CREB binding protein). 

In the absence of Wnt signalling^ p-catenin is found in two disbnct multlprotein 
5 complexes. One comply, located at the plasma membrane, couples 
cadherins (calcium dependent adhesion molecules) with the actin 
cytoskeleton whereas the other complex (containing the proteins 
adenomatous polyposis coli protein (APC). axin and glycogen synthase 
kinase 3p (GSKSp)) targets p-catenin for degradation. Wnt signalling 
10 antagonises the APC-axin-GSKSp complex, resulting in an increase In the 
pool of Iree cytoplasmic ^catenln. The free cytoplasmic 3-catenln can 
translocate to the nucleus where it binds LEF-1/TCF fectors and activates Wnt 
target genes. The regulation of LEF-1/TCF transcription factors by Wnt and 
other signals is discussed in Eastman et at, (Cinrent Opin. Cell Biology^ H, 
16 233-240, 1999). 

TCFs are known to recognise and bind TCF binding elements which have the 
nucleotide sequence CTTTGNN, wherein N indicates A or T (van der 
Weterlng et a/. supf&). 

20 

TCF-responsive elements have been shown to provide highly tumour 
selective expression of op^bly linked genes, especially in odon and ilver 
tumours (WO 01/64739) 

25 Preferably, the vector is a viral vector, more preferably, an adenoviral vector 
A specially preferred embodiment b an adenoviral vector encodir^ and 
allowing expression of (a) a nitrareductase capable of activating the prodrug 
CB1954 and (b) hspTO fbr use In enhandng an antl4unnour immune response. 
Most preferably it is CTL102/mCMV-mHSP70. 
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AKernattvely, the viral vector is a retroviral vector, more preferably a lentiviral 
veclor. 
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Afurtherembodlmentb host cell comprising any of the above described 
vectors. 

Anottier aspect of the Invention ia a vaccine comprising the product or 
s composition of matter, vector, or host cell described above. 

Also provided is the product or oomposltlon of matter, vector, or hoet cell 
described above for use as a medicament or vacdn©- 

A further aspect of the invention Is a phamiaoeutloal composition comprising 
any of the above described products, compositions of matter. DNAvacdrtes. 
vBOtora or host cells together with a phamiaceutically-acoeptable diluent, 
buffer, adjuvant or ex^ient. 

Also piovlded is the use of any of the above described products, compositions 
of matter. DNA vaccines, vectors or host ceils for the manufacture of a 
medicament fcr the treatment of cancer or for the manufacture of a vaccine for 
ttte treatment of cancer. 

20 The invention provides a method of enhancing an immune response, 
comprising administering a therapeutic amount of a product comprising a 
polynucleotide encoding a toxin or prodrug-converting and a polynudeottde 
encoding a heat shock protein or an inducer of heat shocic protein expression. 
PrefteraWy. the Immune response Is an anti-tumour immune response. 

^ There is also pro>Aled a method off treating a human suffering from a fbrni of 
cancer, comprising administering a therapeutic amount of a product 
comprising a polynudeolide encoding a toxin or prodnjg-com^rting enzyme 
and a polynucleotide encoding a heat shock proiein or an Inducer of heat 
30 shoe* protein expresston. 

in one preferred embodiment, the method comprises administering a 
therapeutic amount of a product comprising a polynudeolide encoding a 
nitroreductase capable of activating the prodrug CB1964 and a polynucleotide 
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encoding a heat shock protein, allowing a period of time during which the 
product enters tumour cells and the encoded nitroredudase and heat shock 
protein are e^q^ressed, and administering a therapeutic amount of CB1954. 



6 Alternatively, the method invokes administering a therapeutic amount of a 
product comprising a polynucieotide encoding a cytochrome P450 and a 
polynucleotide encoding a heat shock protein, alioun'ng a period of time during 
which the product enters tumour cells and the encoded cytochrome P4S0 and 
heat shocl( protein are expressed, and administering a therapeutic amount of 
10 a prodrug. Prefenably the prodrug is acetaminophen. 

It is preferred that any of the above described methods that the heat shock 
pn^in is Hsp70. 



15 In another aspect of the invention is provMed a method oftieating a human 
suffaring from a fotm of cancer, comprising administering a therapeutic 
amount of a product comprising a polynucleotide encoding a heat shock 
prot^ and a therapeutic amount of anti-cancer cytotoxic drug such that a 
therapeutic anti-tumour Immune response is induced. 

20 

In a preferred embodiment, the antk»noer cytotoxic diug is capable of 
induing nMrotte cell death in tumour cells. 

In a final aspect of the invention is provided a meUiod of eliciting an anti- 
26 tumour immune reaponse comprising administering a therapeutic amount of a 
product comprising a polynucleotide encoding a nitroreductase capable of 
activating the prodmg CS1964, allowing a period of time during viriiich the 
composition enters tumour cells and the encoded nitroreductase Is expressed, 
and admlnisteiing a therapeutic amount of CB1 954. 

30 

The product, DMA vaccine, vector or host cell of the invention or the 
pharmaceutical composition may be administered via a route whidi includes 
systemic, Intramuscular, subcutaneous, intradermal, intravenous, aerosol, oral 
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• (solid or liquid form), ioplcal. ocular, as a suppoeHoiy. intraperitoneal and/or 

Intrathecal and local dlreol Injection. 

The exact dosage regime will, of course, need to be determined by IrwJivldual 
5 clinicians for individual patients and this. In turn, wilt be controlled by the es<act 
nature of the protein expressed by the therapeutic gene and the type of tissue 
that is being targeted for treatment. 

The dosage also will depend upon the disease indication and the route of 
10 administration. 

The amount of nucleic acid constnict or vector delivered for effective 
treatment according to the invention wHI preferably be In the range of between 
about 50 ng -1000 ^9 of vector DNAflig body weight; and more preferably In 
15 the range of b«*ween about 1-100 pg vector DMA/kg. 

Although it is prefon«d according to the Invention to administer the nucleic 
acid construct, vector or host cell to a mammal lor in vivo cell uptake, an ex 
vfvo approach may be utilised whereby cells are removed from an animal, 
20 transduced wRh the nucleic acid oonstnioi or vector, and then re-Implanted 
into the animal. 



25 
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BRIEF DESCRIPTION OF THE FIGURES 
Piaure 1. 

Structures of adenovirus serotype 5 (Ad5) E1 recombinant adenovinjses. All 
6 viruses are deleted for the viral regfons El and E3 as indicBfed. The E1 
deletion comprises nt 359-3524 and the E3 deletion nt 28.592-30,470 of the 
Ad5 viral genome. HCMV: human CMV (Cytomegatovfrus) IE (immediate 
early) enhancer/jDrormrter; NTR: Bcoli nitroreductase gene: IVSli: human 
globin ftitron li sequence: mCMV: mouse CMV IE enhanoer/^romoten 
10 mHSP70: mouse Heat shock pnoieln 70; SV40: SV40 late polyCA) signal; 
mGM-CSF: mouse granulocyte monocyta-colony stimulating factor. 



Roure g. 

Western blot analysis of cellular lysates from Adenovirus vector infected cells 
16 analysing NTR, mHSP70 and mGM-CSF protein expression. (A) CMT93 cells 
(expressing no endogenous H8P70) were inflected with the viruses 
Ad.mCMV-mHSP70 (lane 3-5) or CTL102/rnCMV-mHSP70 (lane 8-10) with 
increasing MOI. CTL102 infected cell extract was used as positive control for 
NTR expression. Extract from Ad.CMV-LacZ (lane 2) Infected cells was used 
20 as negative contrxil. (B) HeLa cells were infiscted with Ad.mCIW-mGM-CSF 
(lane 2) or Ad.CMV-LacZ (lane 1; negative controO. Whole cellular extracts 
were prepared 24 hours after infection. Denaturing SDS-PAGE was 
peri'ormed using 50 protein lysate and downstream processing was 
perfbrmed as described in Materials and methods. Blorad molecular weight 
25 standard was used to confirm (he expected sizes of the expressed proteins. 

FiouifQ 3^ 

Vacdnation scheme. 



30 Figure 4. 

A Protecb'on of mice from challenge with 5.0 x 10® parental 4T1 cells by a 
single vacdnation with 5.0 x 10^ and 5.0 x 10* Ad.hCMV-NTR-transduced 
(CTL102) 4T1 cells and in vivo CB1954 treatment Mice were challenged 
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either at 21 (open bare) or 80 (soBd bar«) days fonowlng vaccination. B Lack 
of pratecHon from chaltenge with 6.0 x 1 0* EJe cells, an Irrelevant tumour cell 
line at 21 days fWlowIng vacdnation with a single dose of 5.0 x 10^ or 5.0 x 
10^ CTL102 -transduced 4T1 cells and iri wvo CB1954 treatment Bars show 
5 the percentage of Individual tumour size of challenge In treated mice in 
relation to the average tumour size of the control group of ndive micaat the 
time of compulsory sacrifice. 

Haure 5. 

10 A Tumour size of chatlenge at 30 post-challenge In Individual BALB/c mice 
vaccinated with (a) 5.0 x 10* Ad.hCMVWR-transduced (CTL102) 4T1 cells 
and treated with CB1954, (b, 5.0 x 10^ Ad.hCMV-NTR/mCMVHT«SP70. 
transduced 4T1 cells and treated with CB1954, (c) 5.0 x 10^ CTL102 - 
transduced m cells and treated wrth CB1954 and (d) 5.0 x 10^ Ad.hCMV- 
16 NTR/mCMV-inHSP7<V^transduced 4T1 cefls and treated with CB1954. 

Twenty-one daysfbltowing vaccination, all mice were challenged with 5.0 x 
10^ parental 4T1 cells as well as a group of n^ve mice (e). BQraph shows 
the aven^ge tumour stee of treated groups. C Survival of mice vaccinated w^ 
5 0 X 10« CTL102 -transduced 4T1 cells and treated with CB1954 . 5.0 x 10 
20 Ad mCf^V-mHSP704ransduced 4T1 cells and treated with CB1 954 and 5.0 x 
10« Ad.hCMV.NTR/mCMV-mHSP70^ransduced 4T1 cells and treated wrth 
CB1954. TwentjH>ne daysfonowlng vaccination, all mice weie chaUenged 
with 6.0 X 10* parental 4T1 cells as well as a group of naTve mice. 

AT^r size of challenge at 30 post-challenge In IrKJlvidual BAlBto mtee 
vaccinated with (a) 5.0 x 10= Ad.hCMV-NTR-transducsd (011.102) 4T1 celte 
and treated with CB1954. (b) 5.0 x 10« CTL102 + Ad-mOW-mHSPTO. 
transduced 4T1 cells and treated with CB1954. (c) 5.0 x f '^^"^^ 
30 C8F-transdUCed 4T1 ceils and treated with CB1954 and (d) 5.0 x 10 CTL102 
+ Ad mCMV-mQM-CSF-transduoed 4T1 cells and treated with CB1954. 
Twenty-one days ifallowing vacdnation. all mice were challenged with 5.0 x 
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^ 10^ parental 4T1 cells as well as a group of nalV© mloa (e). B Graph shows 

the average tumour size of treated groups. 



s DETAILED DESCRIPTION OF THE INVENTION 

The Invention te descrfbed in detail by the use of the following examples. 
These are by way of illustration only and era not to be taken as limiting. 

EXAMPLES 

10 

ExafUPlfiJt 

Aftateffafo d/td malhociB 

Cell culture 

15 4T1 . a mouse breast cancer oells ware ofcrtalned firom ATCC (CRL^539). EJ- 
6-2-Bam-6a was obtained from ATCC (CRL-1888} and was generated by 
tiansfecting NIH/3T3 with DISIA from the human EJ bladder carcinoma. 
PER.C6 cells (HQ were obtained from IntroGene (Leiden. The Netherlands}. 
91 1 ceUs were fcmdiy provided by Prof. L Young (CRC Institute for Cancer 
20 Studies, Unhrereffy of Blmfiingham, UK) and were maintained in DIMEM 

containing 10% PCS, 10 mM MgCh and antlbMlbs. 4T1 and EJ^2.Bam^ 
were cuitured as recommended by the supplier. 

Plasmid ccmstruGtion 

25 pTX0374 was oonstnjcfed t>y cloning a 1 .6kb Bg/I l-fiamHI fragment 

containing the human CMV promoter flised to the E. cofi ntr gene (NTR: £. 
CO// B/r nitroreductase gene amplified from genomic DNA) into pSW107- pRAJ 
43 BP4 is a pUC19 plasmid containing the mouse GM-CSF cDNA and was 
kindly provided by Prof. L. Young (CRC Institute for Cancer Studies, 

30 University of Birmingham. UK. CEr902 is a pUCi 9 plasmid containing the 
mouse CMV IE enhancer/promoter and the SV40 late poly(A) signal. 
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CET902MiCMV-mHSP70 contains an expression cassette for stress Indudble 
mouse HSP70 protein and was constructed as descn-bed. Firet. the mouse full 
length (1 Akb) CMV promoter was cloned IniD a pUC1 94>ased vector. 
Second, the SV40 late poly(A) signal was cloned downstream from the 

B promoter. Finally, the oDNA coding for mouse HspTO was cloned between the 
promoter and the poly(A) signal using a Smal site. A plasmld containing the 
cDNA for mouse HSP70 was kindly provided from Dr. R. Vile (Molecular 
Medicine Program. Mayo Clinic. 200 First Street SW. Rochester. Minnesota. 
USA) and was cut out as NheVBamHX fragment and blunted using T4 DMA 

10 polymerase. 

CET902/mCMV-mGM-CSF was prepared by digesting pRAJ 43 BP4 with 
EcoRI and BamHI releasing a 485 bp fragment The fragment was blunted 
and ligated irtto Smal prepared CET902. 



1B 



PPS1128 was kindly provided by Dr. P. Searle. CRC Institute of Cancer 
Studies. Unlverelty of Blrnilngham. pPS1128 contains adenoviral sequences 
from the left hand ITR to nt 359 and from nt 3525 to 10.589 and is therefore 
an E1-deleted vector. pPS1 128 was constructed by cloning a 917fap fragment 
20 of the human bete-gtobln gene (BamHI ate In exon2 to the EooRI site In 
exonS) coupled to a 240bp H/hdl-BamHI fragment containing the pOly(A) 
addition and transcriptional temiinatton signals of Ihe human complement C2 
gene Into pBluescrlpt (Stralagene). This pteamid was constructed In two 
Stages. In the first, the left hand a»Rl alto of pPS971 (Weedon et al. Int. J. 
25 cancer, in press) was converted to a Swal site to create pPS115. In the 

second, the 350bp Spel^l fragment of pPS1 1 5 was replaced with a nnker 
prepared by annealing the two ollgonudeotWea: 

ff-CTAGTATCGATTQTTAATTAAGGGCGTGGCC -3' and 
30 S- TTAAGGCCACQCCCTTAATTAACAATCQATA-S'. 



PPS1022 was oonslruoted from pPS972 by conversion of the right hand 
EcoRI site to a Swal site. 
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PTX0375, the transfer vector used to gdnerste CTL1Q2, w&$ constructed by 
clonfng a Spel liagment spanning the whoJa expression cassette (hCMV- 
NTR-iVSII-p(A)) from pTX0374 into Spel digested pPSI 12B and Identffication 
Of a clone containing tlie cassette In the left to right orientation. 
6 pPSI 128AnCJMV-mHSP70 and pTX0375/mClWV-mHSP70 was constructed by 
transferring the mCMV-mHSP70-SV40 p(A) expression cassette from 
CET902AnHSP70 into blunted pPS1 128 or into the blunted Pad site of 
PTX0375. respectively. The mCiWV-mHSP70-SV40 p(A) expression cassette 
was prepared by digestion of CET902/mHSP70 piasmid with Xmnl, Ascl and 
10 Bszni and blunting wfth T4 DMA polymerase. Therefore the final cassette 
only contains about 500 bp of the mouse CMV promoter, this piece provides 
most of its activity. pPS1 1 8/hfiCIMV-mGM-CSF was constructed by cloning the 
complete expression cassette (1.3 kb) prepared from CET902/mCMV-mGM. 
CSF (BSIZ17I and Ascl digested and blunted) Into pPS1128. 

15 

The adenoviral "baddjone" vector pPS1 160 was constmoted by Pad 
iinearlsation of pPS1 128. ligation with a /^d-oompatible adaptor (oilgol : 5'- 
TACATCTAGATAAT- 3'. ollgo2: 5'-TTATCTA<3ATGTA^') containing an Xbal 
site followed by Xbal digestion to release a ca. 7kb >fibal fragment containing 
20 Ad5 sequences 3524-10589. This was then cloned Into Xbal linearised 
pP61 022 (Dr. Peter Searie) a pUC18-based plasmid containing Ad5 
sequences from nt 10.589 to the right hand ITR but laddng nt 28,592 to 
30,470 (E3 region). 



26 Adenoviral vector construction 

The recombinant viruses CTL102 (Ad.hCiW-^JTR), CTL102/hiCIWV-mHSP70, 
Ad.mCMV-mHSP70 and Ad.mCMV-mGM-CSF were oonstmcted by 
homologous recombination in Per.Ce cells. These cells were oatransffected 
with an eciuimolar mixture of pTX037S, pTX037SAnCMV-mHSP70, 

30 pPS1 128/mCiWV41SP70 or pPS1 128AnCMV-mGM-CSF. respectively, and 
pPS1 160 into 90% confluent PER.ce cells. The recombinant viruses were 
harvested about 7 days later by 3 freeze-thaw cycles in Infection medium 
(DMEM, 1% FCS, 2 mM MgCy. By repeated InfedionAiarvestihg cycles the 
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* Viruses were grown to large scale and then purified by stendaid CsCI density 
centrifugation. dialyeed against excess of storage buffer (10 mM Tiis pH 7.4, 
140 mWI NaCI, 5 mM KCI. 0.8 mlA fi^HPO^ 0.9 mM CaCla. 0.5 mWI IWgCb 
and 5% sucrose) and finally snap-frozen In liquid nitrogen and stored at - 
5 80X Pailicle concentrations were detemilned using Ihe BCA Protein Assay 
Reagent (Perblo Science UK. LTD. Tattenhall. Cheahbe. UK). Plaque fbnning 
units (p.f.u.) titres were determined by plaque assays on 911 cells. 
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4T1 in vitro infection 

4T1 cells were Infected at a cell density of 1 x 10Vm! for about 2.5 houre In a 
humidified COz Incubator with the Indicated p.f.u. per ceO (WIOI) In Infection 
medium (nonr^al medium but containing only 1% PCS). During Infections cells 
were gently mixed every 30 minutes. Then, cells were pelleted (300 x g. 5 
minutes) and washed before being resuspended in PBS. In vacdnafions 
experiments the MOl used was 200 to 300 and where combination viruses 
were used, the final dose of vector was kept constant to avoid a cytopalhic 
dose-dependent effect. 
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Western Blotanafysis 

3 X 10« HeLa cells were infected with the indicated MOIs in infection medium 
by Incubation for 2 hours at 37«C In 5% CO2. Cells v»ere then fed with 
oomptete medium (10% PCS) and cultured for 24 hours. Cells were then 
washed in PBS and then a whole cell lysate was prepared by adding 200 Dl 
RlPA bufffer (10 mM Tris pH B.0. 150 mM NaCI, 1.0% NP40, 0.1% SDS. 0.5% 
Na-Desoxycholat plus complete protease Inhlbftor cocktail. Roche) per ©-well. 
Cells were incubated for 10 min at RT and then centrifuged at 13.000 RPM at 
4C The cleared lysate was transferred to a new tube and protein 
concentration detemilned using the Biorad DC Protein Assay kit (Hercules. 
CA. USA). 30 Dg of each lysate sample was resolved by 11% SDS-PAGE 
using High Rainbow protein size marker (Amersham Phamiacia. PIscateway, 
N J, USA). Proteins were then transfemed to a nitrocellulose membrane 
(Gelman Sciences. Ann Aibor. Ml, USA). The membrane was blocked in TBS 
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(10mMTrispH7.S, 150 mMNaC!y0.1%-n«/een20/5% milk povwierforl hour 
at RT. Prnnaiy antibodtes were diluted fn blocking buffer 99 follows: sheep 
antl-NTR (Polyotonal Antibodies. Dyfed, UK): 1:2000, mouse antf-HSP70 
(SPA-810. Stressgen Bbiechnologiee, Victoria BC, Canada) 1:1000 and goat 
5 antI.GM-CSF(SantaCfuz. CA, USA; 80-1322): 1:1000. Membranes were 
Incubated with primaiy antibody for 1 hour. RT and then extensively washed 
and then incubafed for 30 min at RT with secondary antibodies in 
TBSyD.1%Tween2O/0.5% milk powder as following: donkey anti^sheep-HRP 
(1:7.500: Sigma), anti-mouse-HRP (1:10,000; Sigma A-9917) and anti-goat- 
10 HRP (Sigma, A-5420). After extensive washings, enhanced 

chemllumlnescence was canied out using Pierce "SuperSIgnal West Pico 
Chemlluminesoence substrate" (Perbio Science UK Ltd., Tattenhall, UK) and 
analysed with Alpha Innofech Imager Model #2.3,1. 

16 Adice 

Female BALB/c mice (H-2*, 6-8 weeks old) were obtained from Harlan 
(Oxlon, UK) and were maintained In a temperatuie^»ntrolled. light-cycled 
room with food and water ad Sbiium. Mice were allowed to r«st for one week 
before any treatment. Care as well as all experimental procedures were 
20 conducted In fUll compliance with the UK Home Oflioe regulatlans. 



Murine Tumour Model 

4T1 is a highly aggressive and metostatk; cell line established fram a 
mammary adenooarcinoma. which arose spontaneously in a BALB/cfCdH 

26 mouse (Dexter et al, 1978). 4T1 cell lihe which expresses H-2^ class I but not 
dass 11 molecules, i& a nonlnrimunogenlc tumour model, which does not 
sBmulate a syngeneic antltumour response mvHfooT 'm vivo. The minimal 
100%^mour-lnducing dose in BALB/c mice is 5 x 10* cells. 4T1 cells 
produce aggressive solid tumours when injected subcutaneously irito BALB/c 

si> mice that can spontaneously metastasise primarily to the lung while the 
primary tumour is growing tn situ. The EJ-B-2-Bam-aa (Shih et al.. 1981). a 
fibrcdilast cell line was used as a control tumour. 
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^ Vaccination Protocol 

An indicated number of adenovirus-lmnsduced 4T1 cells were injected 8.c. 
into the rigM flank of each naive mouse In a volume of 1 00 iiI total (day 0). 
Different experimental groups were Inlected with celb transduced with single 
5 or different combinations of adenovirus containing the nilroreducatse and or 
co-stlmulatory genes. After aflowlng for transgene expression to proceed in 
^/lvo tin day 2. a time at which a maximal tiansgene expression was 
demonstrated to occur, a solution of 400 DM CB1954 was injected 
perltumourally in a total volume of 500 □!. Unless otherwise stated, on day 21 
all mice were challenged with a second contralateral injection of 5.0 x 10 
parental 4T1 oells. This dose Is 10-fbld higher than the minimal lethal dose .n 
natve mioe. A naWe group of mice was also injected with these cells at the 
same time. The Induction of a long-temi antitumoural immune response was 
demonstrated by Challenging mice 80 days following vaccination. All groups of 
mice in any one experiment were challenged on the same day using the same 
preparation of cefls. Animals were examined regularly fbr the appearance of 
tumours by palpation; whereafter tumoure were measured in iwo 
perpendicular dimensions using a Vernier calliper 2 - 3 timesAA^eek. Tumour 
size was expressed as the pmduct of the two diametere of individual tumours. 
Mice were culled tor humane reasons when they exhibited signs of distress, 
the tumours becoming too necrotto or when tumour exceeded a size of 160 
mm*. 
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Results 
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CTL102/CB1954 killing cf 4T1 can induce si&dficant and prolonged 
protection against 4TJ cell ahallengfi 

To test the possibility that NTR/CB1SS4 tumour cell kWlng »i a«u may 
contribute to the generation of ape«dfic antitumour immune, vaccination 
experimente were conducted. In optimisation experimente to establish the^ 
optimum killing condHlons where dose ranging of cell Inoculallon (5.0 x 10 to 
5 0 x 10« NTR-expresslng 4T1 cells) and subsequently in wvo treatment with 
<jacalating CB1954 doses ranging ftom 100 to 400 were tried (date not 
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^ 

shown), tumour-firee mica were vaccinated. Mice that rejected tiie initial 
Inoculation of tumour cells from two groups vaccinated with either 5.Q x 10^ or 
5.0 X 10^ NTR-expressing 4T1 cells nespedfvely were challenged with 5.0 X 
10^ unmodified 4T1 cells on the opposite flank at 21 days following cell 
5 inoculation. Challenging mice 80 days following vaccination was also 
conducted to assess the Induction of a long-term antltumoural immune 
response- All nalVe mice developed progressively growing tumours by day 10 
and reached compulsory sacrifice by day 25 post-ohallenge. A vaccfne dose- 
dependent response of rejecting the challenge was observed in mice 
10 vaccinated with NTR/CBig54 killed cells irrespective of the time of challenge 
(Fig. 4A). Vaccination with a low dose of 5.0 x 10^ cells conferred a low level 
protection oompansd to naYve mice, while a higher vaccination dose (5.0 x 
10^) enhanced considerably the immunogenecity of 4T1 oeHs and protected 
the majority of mice from challenge. 

15 

To assess the specificity of the protection seen with the NTR/CB1954 killing 
vaccine, mice vaccinated with either 5.0 x 10^ or 5.0 x 10"^ NTR-expressing 
4T1 o&lte were challenged with another syngeneic tumour, EJ6, a mouse 
fibrosarcoma. Immunisation with 4T1 cells failed to protect ail mice against 
20 challenge with EJ6 cells (Rg. 4B}. 



Enhancement of antitumour inununiiy of NTR/CB1954 kiUing by 

expression qf murine HSP70 costlmtdatory molecules 

To determine whether the efFecfes of NTR/CB1954 killing in the vaccination 

25 model could be Improved by expression of the cosUmulatory molecule HSP70f 
mtee received a single immunrsation consisting of 4T1 cells transduced with 
either the single recombinant virus carrying the NTR gene or the double 
recombinant virus canying both NTR and HSP70 genes. Animals were 
Injected peritumourally with CB1954 on day 2 and animals were then 

30 challenged with 5.0 x 10^ unmodified 4T1 cells on the opposfte flank (see 
immunisation protocol). Two different vaccination doses were usedr a low 
dose of 5.0 X 10"^ and a high dose of 5.0 x 10^. All animals were challenged 
>Arith 5.0 10^ unmodified 4T1 cells at 21 days post-cell inoculation and 
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followed for tumour appearance, tumour growth and survival. The resuHs 
suggest that NTRrt5Bie54 killing of cells expressing HSP70 is more potent In 
priming Immune response than mice vaccinated with NTR/CB1954 killed cells 
alone (Fig 5A)- A higher number of vaccinating ceUe eeem to be better in 
5 protecting mice against a subsequent challenge with 4T1 cells. Consequently, 
animals vaccinated with NTR-HSP70-expresslng cells showed significant 
survival rate (Rg. 6C). By contrast animals receiving NTR-expressing cells 
show only a modest survival advantage with one mouse tumour-free sunnving 
more than 3 months. Immunisation with cells expressing HSP70 alone and 
10 tfealed with CB1954 dkl not protect any mice against the emergence of 
tumoura at the Inoculatton site where a progressively growing tumours 
developed that took approximately 30 days to reach the size of compulsory 
sacrifice and mice had to be sacrificed not long after the immunisation time of 
21 days post-cell Inoculation. 

IS 

Enhcmcem^ of antimmour immunity of jm/CB1954 IdUing by 
gjcpressicm of mGM-CSF eostitmilatory molecules 
To assess the effect of GM-CSF expression on the Immune activating 
properties of NTR/CB.1 954 killing. 4T1 cells were co-transduced with NTR and 
20 GM-CSF oanying adenovims vectors, Injected Into mice (5.0 x 10®) and 

treated in vivo with CB1954 (see Immunisation protocol). Although. GM-CSF 
alone had a significant effect on reieclion of challenge and was even superior 
to vacdnaBon with the NTFVCB1954 killed cells, the presence of GM-CSF In 
the tumour environment at the time of NTR/CBie54 killing caused a much 
25 better protection against challenge with 57% of mice reiecting challenge at 
days 30 following chaUenge (Fig 5A). All non-immunised. naTve mice had to 
be sacrifksed because of tumour burden In less than a month following tumour 
challenge. 
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Claims 

1 . A product comprising a polynudeoHcte sequence encoding a toxin or 
prodrng-converfino enzym© and a polynudeoUde sequence encoding a 

5 stress response protein or an Inducer of etrese response protein 
expression. 

2. The product of daim 1 . for use In enhancing an Immune response. 

10 3. The product of either of claims 1 or X wherein the immune response 
enhanced Is an anti-tumour response. 

4. The product of any of claims 1 to 3 wherein the poiynucteatide sequence 
encoding a toxin or piodnjg-converting enzyme capable of inducing 

15 necrotic cell death and the polynucleotide sequence encoding a stress 
response protein or an Inducer of stress response protein expression are 
both components of single polynucleotide molecule. 

5. The product of any of claims 1 to 4 wherein the toxin or prodrug-com/erting 
enzyme is a nitroreductase capable of activating the prodrug CB1954. 

6. The product of any of claims 1 to 4 wherein the toxin or prodmg-convertinO 
enzyme is a cytochrome P450. 
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7. The product of claim 5 wherein the cytochrome P450 is selected from the 
list consisting of human CYP1A2, human CYP2E1. human CYP3A4, 
rodent CYP1A2. rodent CYP2E1 and rodent CYP3A4. 

8. The product of any of claims 1 to 7 wherein the stress response protein 
30 encoded or Induced is a heat shock protein. 

g. The product of dalm 8 wherein the heat shodc protein is selected from the 
list consisting Of Hsp70, Hsp90. HspHO, calreBcuIln. gp98. grp170. H8p27. 
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H8C70, Mycobacterium HspSS. Leghne/Ia pneumophih Hsp6D. 
Esdisrichld con GroEL and GroES. 

1 0. The product of claim 9 wherein the heat shock protein is Hsp70. 

6 

11. A DNA vaccine comprising the product of any of dafms 1-10. 

12. A DNA vaccine comprising a polynucleotide encoding a toxin or prodrug- 
converQng enzyme for enhandng an anti-tumour Immune response. 

10 

13. The DNA vaccine of claim 12 wherein the tcudn or prod rug-converting 
enzyme is a nitroreductase capable of activating the prodrug CB1954, 

14. The DNA vaccine of claim 13 when^ the toxin or prodrug-converting 
15 enzyme is a cytochrome P450. 

15. The DNA VQccine of claim 14 wherein the cytochrome P450 Is seeded 
from the list consisting of human CYP1A2. human CYP2E1. human 
CYP3A4. rodent CYP1A2, rodent CVP2E1 and rodent CYP3A4 

20 

16. A product comprising a po^uoieotide encoding a nitmeductase capat>le 
of activating the prodnig CB1054 and a polynucleotide encoding an 
immunostrmulatory molecule, for use rn enhemclng an anU-tumour Immune 
respcMise. 

25 

17. A product comprising a polynudeotkie encoding a <^chrome P4S0 and a 
poiynudeotide encoding an immunostlmulatory molecule, for use in 
enhancing an anti-tumour immune response. 

30 18. The product of ^ther of claims 16 or 17 wherein the Immunostimulatory 

molecule is selected from the list consisting of GM-CSP, IL<-1 , lL-4, lU 
6, IHO. iL.12. IL-18, B7-2, TNFa, 7-IFN. IWICP-1, MlP-2, RANTES, TGF-p, 
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15 



20 



CD154, CD134 ligand, MHC Class I. MHC Class II. CD136 iigand and 
TRAIL 

19. A vector encoding and aBowing expression of 

a) a toxin or prodrugHBonverting enzyme and 

b) a stress lesponse protein. 

for use In enliancing an immune response. 

20. The vector of daim 19 wherein the immune response Is an anti-tumour 
response. 

21 . The vector of either of dalms 1 9 or 20 wherein the stress response protein 
is a heat shocic protein. 

22. The vector of daim 21 wherein the heat shock protein is selected from the 
list consisting of HspTO, Hsp90. Hsp110, calretlcul&i. gp96. grp170. Hsp27, 
Hsc70. Mycobacterium Hsp65. Legionella pneumophila Hsp60. 
EedieriGhia caff GroEL and GroES. 

23. The vector of claim 22 wherein the heat shook protein Is hsp70. 

24. The vector of any of daims 19 to 23 wherein the toxin or prodrug- 
converting enzyme Is a nitroreductase capable of activating the prodiug 
CB1954. 

25. The vector of any of daims 19 to 23 wherein the toxin or prodrug- 
converfing enzyme is a cytochrome P450. 

26. The vector of daim 25 wherein the cytochrome P450 is selected from the 
list consisting of human CYP1A2. human CYP2E1. human CYP3A4. 
rodent CYP1 A2, rodent CYP2E1 and nadent CYP3A4. 

27. The vector of any of daims 1 9 lo 26 wherein one or both of the 
poiynucleoUde sequences encoding of the toxin or prodrug^JonverOng 
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enzyme on the one hand, and the stress response protein or inducer of 
stress protsin esxpressfon on the other, operabJy linked to one or more 
promoteis providing tumour-selective ^(presston. 



5 28. The vector of claim 27 wherein ttie promoter conq>rises one or more TCF- 
responsive elements. 



29. The vector of any of claims 19 to 29 wherein the vector is a viral vector. 



10 30. The vector of claim 29 wherein the vector is an adenoviral vector. 



31. The vector of daim 29 wherein the vector is a retroviral vedor. 



32. The vector of daim 31 wherein the vector is a lenttviraf vector. 

15 

33. An adenoviral vector encoding and allowing expression of 

a) a nitroreductase capable of activating the prodnig CB1954 and 

b) hsp70 

for use in enhandr^ an anti-tumour immune response. 

20 

34. A host cell comprising the vector of any of claims 1 9 to 33. 

35. A vaccine comprising the product of any of claims 1 to 10, or 16 to IB. the 
vector of any of claims 19 to 33. or the host cell of dalm 34. 

25 

36. The product of any of claims 1 to 10, or 16 to 1 8, the DNA vaodne of any 
of daims 10 to 15. the vector of any of daims 19 to 33. or the host cell of 
dalm 34 for use as a medicament. 



30 37. The product of any of claims 1 to 10, or 16 to 18, the vector of any of 
claims 19 to 33, or the host cell of dalm 34 for use as a vaodne. 



38. A phannaceutical composition comprising compositfon of any of claims 1 
to 1 0, or 16 to 18, the DNA vacdne of any of claims 10 to 15, the vector of 



12«5e4a002 ^ P100933GB Harrison GoddaidFoOto 

^ any of claims 19 to 33. or the host cell of daiiti 34 together with a 

pharmaceutlcally-acceptable diluent, buffer, adjuvant or exclpfent 

38.Use of the product of any of dalnw 1 to 10. or 16 to 18, the DNA vaccine 
5 of any of claims 10 to IS. the vector of any of claims 19 to 33. orthe host 
cell of claim 34 for the manufacture of a medlcamBnt for the treatment of 
cancer. 

40. Use of the product of any off claims 1 to 10. or 16 to 18. the DNA vaccine 
10 of any of claims 10 to 15, the vector of any of claims 19 to 33. orthe host 

ceil of claim 23 for the manufacture of a vaccine for the treatment of 
cancer. 

41. A method of enhancing an Immune response, comprising administering a 
15 therapeutio amount of a product comprising a polynucleotide encoding a 

toxin or prodmg-converting enzyme and a polynucleotide encoding a heat 
shock protein or an Inducer of heat shock protein expression. 

42. The method of daim 41, wherein the Immune lesponae Is an antRumour 
20 Immune response. 

43. A method of treating a human suffering from a fbmi of cancer, comprising 
administering a therapeutic amount of a product comprislnfl a 
polynucleotide encoding a toxin or prodnig-converlino enzyme and a 

25 polynucleotide encoding a heat shook protein or an Inducer of heat shock 
protein expres^on. 

44.The method of any of claims 41 to 43. comprising 

a) administering a therapeutic amount of a product comprising a 

30 polynucleotide encoding a nftroredudase capable of activating the 

prodrug CB1054 and a polynucleotide encoding a heal shock protein. 

b) allowing a period of time during which the product enters tumour cells 
and the encoded nitroreductase and heat shook protein are expressed, 
and 
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c) administering a therapeutic amount of CB1954. 

45. The method of any of claims 40 to 42, comprising 

a) administering a therapeutic amount of a product comprj$ing a 

5 polynucleotide encoding a cytochrome P460 and a polynucleotide 

encoding a heat shock protein, 

b) allowing a period of time during which the product enters tumour cells 
and the encoded cytochrome P450 and heat shock protein are 
expressed, and 

10 c) admlntetering a Uierapeutic amount of a prodrug* 

4e.Th0 method of claim 43 wherein the prodrug is acetaminophen 

47. The method of any of claims 40 to 44 wherein the heat shock protein is 
15 Hsp70- 

48. A method of treating a human suffering ftom a forni of cancer, comprising 
. adminiatering a therapeutic amount of a product comprising a 
polynucleotide encoding a heat shock protein, and a therapeutic amount of 

» anfl-cancer cytotoxic drug, such that a therapeutic anti-tumour immune 
response is induced. 

49. A method of eiratmg an anti-tumour immune response comprising 

a) administering a therapeutic amount of a product comprising a 

15 poiynucieoQde encoding a nitroiedudase capable of activating the 

prodrug CB1954, 

b) allowing a period of time during which the composition enters tumour 
cells and the encoded nitroreductase Is expressed, and 

c) administering a therapeutic amount of CB18S4. 
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FIGURE 1 E1/E3 deleted Adenoviral Vector constructs 
1. CTLldl (Ad.hCMy-NTR) 



hCMV NTR IVSn 




AE3 



AEl 



2. CTL102/mCMV-mHSP70 



hCMV NTR IVSn loCMV mHSFTO SV40 




AEl 




AE3 



3. Ad.mCM[V-inHSP70 
mCMV mHlSPTO SV40 




AE3 




AEr 



4. Ad.inCMV-mGM-CSF 



mCMV mGM-CSF SV40 




AE3 



AEr 
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